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Abstract 
The IEA-SHC launched Task43 about 3 years ago. Now all of the preparations for the program are almost ready and practical 
application for certification will begin. In order to increase the confidence of all of the interested parties in the testing report and 
certified documents, peer review will be undertaken by the global solar collector networks for laboratories, certification bodies 
and inspection agencies. This article is regarding proficiency testing as an important method to assess the laboratory’s 
competence. The following are the key points during the proficiency testing procedure, namely homogeneity and stability for 
samples, assigned values and uncertainty, and standard deviation for proficiency assessment. Based on ISO/IEC 17043:2010, ISO 
13528:2005 and ISO/ FDIS 9806:2013 the proficiency testing scheme for solar collectors is discussed in this article in detail. 
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1. Project background 
The International Energy Agency (hereinafter referred to as the IEA) was established as an intergovernmental 
organization in the 1970s. Its current work is focused on the research of policies concerning combating climate 
change, energy market reform, energy technical cooperation and so forth. The IEA’s Solar Heating and Cooling 
Committee (hereinafter referred to as the IEA-SHC) is one of the IEA’s subordinate professional committees. In 
2010, the IEA-SHC launched the global certification scheme for the solar heating collector, called Task 43. The 
certification bodies, testing laboratories and inspection agencies of more than 20 countries from Europe, America 
and Asia have been participating in its work. Task 43 consists of three subtasks. Subtask A focuses on the research 
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of the harmonization work of the standards of the solar heating collectors, Subtask B focuses on the research of the 
harmonization work of the certification of the solar heating collectors and Subtask C focuses on the research of the 
network construction of the global solar heating collector certification.  
Through the survey research, Task 43 is designed to unify, as far as possible, the testing standards on solar 
heating collectors and unify the product certification scheme on a global scale, thus promoting the global market 
process of the solar heating collectors. The productive enterprises can carry out their production in different 
countries and regions in accordance with the unified quality requirements and promote their marketing activities in 
the markets of different countries and regions to avoid unnecessary repetitive testing and certification. This will thus 
save time and reduce the cost of product circulation, while still ensuring the quality of the product.  
With the in-depth development of the three subtasks of Task 43, in respect to the testing standards, ISO and CEN 
will use the new edition of ISO/FDIS 9806:2013 as the unified testing standards for the solar heating collector 
products.  The amendment and approval work in respect of the related standards is being done simultaneously in 
ISO and CEN. The participating delegations from various countries working on Task 43 have gradually reached a 
consensus in respect to the unified certification scheme and organizational work framework.  
2. Influencing factors for Task 43 
The global unified certification of the solar heating collector products is no doubt a meaningful work. In order to 
realize the original intention of Task 43 it is important to ensure the confidence of the interested parties regarding 
the certification results. The admission of the certification results for the global solar heating collectors will mainly 
involve the following three aspects: firstly, the consistency of the certification results issued by various certification 
bodies, which include the product testing results and the factory inspection results; secondly, the admission and 
degree of support from various countries in respect to the certification results due to trade protection and other 
political reasons; and thirdly, the degree of various countries in converting ISO 9806 to their respective national 
standards. Since the content of the second and third aspects may involve intergovernmental coordination and the 
management laws, regulations and systems of various countries, no more discussions will be made regarding this in 
this paper.  
Peer assessment is commonly used to ensure the effectiveness and consistency of certification, testing and 
inspection results. Peer assessment, using document review and witness review, is a practical scheme as far as the 
certification bodies and inspection agencies are concerned. As for the laboratories, evaluating the testing 
competence is a core issue, in which, in addition to the document review and witness review, proficiency testing is 
an effective evaluation method.  
According to the definition of ISO17043:2010, proficiency testing refers to the evaluation of the competence of 
the participants by using the inter-laboratory comparison in accordance with the predetermined criteria. The so-
called inter-laboratory comparison refers to the organization, implementation and evaluation done by more than one 
laboratories in measuring or testing the same or similar samples in accordance with the predetermined conditions. 
The single round of proficiency testing shall mainly involve the following steps: the design of the proficiency testing 
scheme; the unified preparation of the samples; the homogeneity and stability tests conducted on the samples; the 
disposition and storage of the samples; the dispatch of materials including the operating instructions, the feedback of 
information and standardization results table to the participating laboratories; the accomplishment of the testing of 
the designated items and the timely feedback of the testing results to the proficiency testing provider by the 
participating laboratories within the prescribed time and environment parameter conditions;  the results statistics and 
competence evaluation conducted by the proficiency testing provider in accordance with the feedback from  
laboratories and the predetermined scheme, so as to judge the level of satisfaction in respect to the test results of the 
participating laboratories in this round and issue the results report.  
The following are the key yet difficult areas in organizing the proficiency testing project in respect to the solar 
heating collectors:  
x Determination of the testing items and testing methods;  
x Preparation of the proficiency testing samples and dispatch of the samples;  
x Homogeneity and stability tests on the samples;  
x Determination of the assigned value of the samples and the uncertainty;  
x Determination of the standard deviation for proficiency assessment.  
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3.  Proficiency testing for the solar collector program 
3.1. Items to be tested and testing methods 
According to the new version of ISO/FDIS 9806:2013, there are in total 14 items to be tested, including thermal 
performance, pressure resistance, high temperature resistance, external heat shock, internal heat shock, freezing test, 
impact resistance, pressure breakdown and final inspection etc. Because the focus is on the main performance of the 
solar heating collectors and the comprehensive consideration of the quantitative evaluation of the test results, 
thermal performance can be used as the testing item for the proficiency testing program, with the specific indicator 
being power output. Since there are many ways to categorize solar heating collectors, such as the flat-plate heating 
collector, vacuum-tube heating collector, air heating collector, fluid heating collector, tracking type, non-tracking 
type etc, it is advisable to test and calculate the low-to-medium temperature and steady-state power output of the 
flat-plate fluid heating collector according to the requirements of the new version of ISO/FDIS 9806:2013.  
The reasons why this decision was made are described as follows:  
x The flat-plate fluid heating collector is one of the frequently-used heating collectors;  
x Compared with the vacuum-tube heating collector, the flat-plate fluid heating collector is, relatively speaking, not 
easily damaged during transportation;  
x The advanced sample production technology can ensure the consistency of the sample preparation process;  
x The steady-state calculation is the frequently-used calculation method.  
3.2. Sample preparation and dispatch 
The sample of the flat-plate heating collector can be designed with the measurements 1 m x 1 m and can be 
manufactured by the designated productive enterprise using the same technology. The same batch of materials shall 
be used for all the main and complementary materials, including the heat-absorbing body, the heat-insulating layer, 
the transparent cover plate and casing. Among them, the heat-absorbing body shall use metal materials instead of the 
polymeric materials, the heat-insulating layer shall use inorganic materials, the transparent cover plate shall use flat 
glass, and the casing shall use metal materials. During the production process mechanization shall be employed as 
far as possible to reduce the influence of the human factors, thus ensuring the consistency of the samples as far as 
possible in the sample preparation stage.  
Considering the relatively longer testing period time for the sample thermal performance, it is not advised to use 
the sample transmitting scheme. Instead, it is proposed to send one sample  to one laboratory. In such a case, it is 
necessary to consider whether or not the homogeneity and stability of the samples received by the laboratories can 
meet the requirements of the relevant criteria. In addition,  based on the number of participating laboratories in the 
proficiency testing program, it is necessary to plan to customize either only Sample A of one specification model or 
Sample A and Sample B of two specification models. If there are a relatively low total number of participating 
laboratories, e.g. not exceeding 22, it is appropriate to customize only Sample A based on the consideration of the 
overall capacity in statistics. The participating amount of testing laboratory is an important factor for proficiency 
testing, which could be influent the total amount of samples and proportion of sampling for homogeneity testing. 
Because of the issues of cost and time for proficiency testing, the sample pair or the double testing for one sample is 
not discussed in this article.   
3.3. Homogeneity test 
In order to ensure that the laboratory testing results are not partial due to the deviation among the samples as 
received by the various laboratories, it is necessary to ensure the homogeneity of the samples prior to the dispatch of 
the proficiency testing samples.  
As matter as fact, homogeneity concept of samples is relative. As far as the difference of samples is in allowable 
scope, we can consider the samples are homogeneity from application aspect. 
 Xiaochao Tong and Wenfang Chang /  Energy Procedia  70 ( 2015 )  364 – 370 367
Assuming that 10 samples are taken from the total, marked as xi, i = 1, 2,...10. Each sample shall be tested twice 
under repeated conditions, marked as xi1 and xi2. Then, the average test value of each sample shall be x i=( xi1+xi2)/2 
and the total average test value of all the samples shall be  
x =¦
i
ix /10.                                                                                               (1) 
The difference in value of each sample between the two tests shall be wi = xi1 - xi2. It is advised to use two 
statistical methods in the homogeneity test:  
3.3.1. SS0.3ı 
According to ISO13528:2005, the criterion of SS0.3ı can be used for judgment, in which SS is the standard 
deviation among the samples and ı is the standard deviation for the proficiency assessment. Since it is difficult to 
determine the repeatability standard deviation within each laboratory involved in this project and the reproducibility 
standard deviation between the laboratories, the calculation of ı can be done in accordance with Article 6.6 of 
ISO13528:2005. This means that the judgment results of the sample homogeneity will be obtained after the testing 
results have been returned in this round of proficiency testing. The calculation method of SS shall be as follows:  
Standard deviation of the sample average value 
 xS =  ¦ ¹¸·©¨§ i i xx 110/
2
                                                                                (2) 
Standard deviation within the samples 
 ws =  102/2 u¦
i
iw                                                                             (3) 
Standard deviation between the samples 
  SS=  2/22 wx SS                                                                                                      (4) 
SS can also be calculated by the following formula, in which for MS1 and MS2 (refer to the solving process of the 
one-way ANOVA) and n refers to the test times of each sample made under repeated conditions. Based on the 
above-assumed conditions, here the value n shall be 2.  
SS=   nMSMS /21                                                                                   (5) 
3.3.2. One-way ANOVA  
The statistical magnitude shall be as follows:  
Quadratic sum between the samples 
 SS1=  22¦ 
i
i xx                                                                                (6) 
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Degree of freedom f1=10-1=9 
Mean square MS1= SS1/ f1 
Quadratic sum within the samples  
SS2=    > @¦ 
i
iiii xxxx
2
2,
2
1,                                                                   (7) 
Degree of freedom f2=2×10-10=10 
Mean square MS2=SS2/f2 
Statistical magnitude F= MS1/ MS2 
The judgment of the results of the statistical magnitude will depend upon the degree of the requirements for the 
significance levelD .  
The two methods for homogeneity testing are not identical.  The formula SS0.3ı means the contribution of 
standard deviation between the samples is no more than 10% of standard deviation for proficiency assessment. The 
one-way ANOVA verify the variance consistence between two normal distributions. It compares the variance within 
the samples and variance between samples. It is not indicated the homogeneity. In normal cases, significance level 
D shall be 0.05 and the confidence level is 95%. The one-way ANOVA can be used as a pre-judge for sample 
homogeneity hypotheses. After the testing results are feedback to proficiency testing provider, it is better to check 
the homogeneity according to SS0.3ı finally. 
In order to reduce fluctuation of testing condition during testing process, which could be lead to tropism and 
influence the testing result, the homogeneity testing sequence for samples must be random referring to ISO 35. 
3.4. Stability Test 
All the key components and materials of the heating collector samples will be stable metal materials and 
inorganic materials. In consideration of the items being tested and the testing time involved in the single round of 
the proficiency testing program, no problem should occur in respect to the product stability unless the samples have 
been disturbed during transportation.  If the stability test is conducted, it can be arranged to be done after the 
proficiency testing samples have been returned to the proficiency testing provider, which must use the same test 
method as the homogeneity test. Assuming that three sets solar collectors are selected, each sample shall be tested 
twice under repeated conditions. The stability test may also use two methods for this to be done.  
3.4.1. yx  0.3ı 
In accordance with ISO13528:2005, it is required to adopt yx  0.3ı, in which x  is the general average of 
the homogeneity test results and y  is the general average of the stability test results and ı is the standard deviation 
for proficiency assessment. 
3.4.2. T-test 
 The formulas for T-test method are as following:  
t=
21
11
nn
s
yx


                                                                                          (8) 
s=
   
2
11
21
2
22
2
11


nn
SnSn
                                                                 (9) 
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In the above formulas, n1 is the number of test times of the homogeneity test, being 20 here; and n2 is the number 
of test times of the stability test, being 6 here. x  is the general average of the homogeneity test results and y  is the 
general average of the stability test results. S1 and S2 are the respective standard deviations for the testing data of the 
homogeneity test and the stability test.  
The preconditions are as follows for implementation of the T-test: 
x The tested parameters are normal distribution, 
x The two variances of population are equal before and after the samples are dispatched. 
Until now we have no negative database to prove that the T-test is not applicable for this project. T-test compared 
the difference among samples and standard deviation of difference. yx  0.3ı concern the difference among 
samples does not influence the standard deviation for proficiency assessment. As stability control, we can use the 
T-test as pre-judge and apply yx  0.3ı as final check. 
3.5.  Assigned value and its uncertainty 
The statistics of the assigned value X and its uncertainty U of the test results in this round of proficiency 
testing can be done in accordance with Article 5.6 of ISO13528, that is to say, by using the consensus value of the 
participating laboratories. The assigned value X is the robust mean value, which is calculated by iterative algorithm 
according to ISO 13528. Its uncertainty U is calculated according to equation (10), in which the amount of 
participating laboratories is P: 
U=1.25h
P
V
                                                                                                          (10) 
We can also take the median of the participating laboratories as the assigned value, but the calculation of 
uncertainty of the median is problematic, because until now there is no clear method in international standards.. 
3.6.  Standard deviation for proficiency assessment 
The standard deviation for proficiency assessment shall be determined in accordance with Article 6.6 of 
ISO13528 by the iterative algorithm method, that is to say, by use of the data obtained from one round of the 
proficiency testing scheme.  
If the median is used as the assigned value, the normalized inter-quartile range (NIQR) is used as standard 
deviation for the proficiency assessment ³: 
NIQR = 0.7413 (Q3-Q1)                                                                    (11) 
In which 75 % of all values are lower than Q3, 25 % of all values are lower than Q1. (Q3-Q1) is inter-quartile 
range (IQR). The factor 0.7413 derives from the standard normal distribution. 
3.7. Result judgment 
The judgment shall be made in accordance with Article 7.4 of ISO13528, that is to say, by use of the Z score. 
There are two statistic types for the Z score. One is calculated according to equation (12), in which Xro is the robust 
mean and ³ro is the robust standard deviation for proficiency assessment: 
Z=
ro
roXx
V

                                                                                                 (12) 
The other uses equation (13), in which Xmi is the median of all value: 
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Z’=
IQR
Xx mi
7413.0

                                                                            (13) 
According to ISO/IEC 17043:2010 the following judgments are made: 
x ዘ|Z|İ 2 satisfactory 
x ዘ|Z| ุ3 unsatisfactory 
x ዘ2 < |Z| < 3 result questionable. 
However, if there are a relatively low total number of the participating laboratories, e.g. 11 or so, the judgment of 
the Z score may be too broad to identify the problems. 
4. Conclusion 
From a statistical viewpoint, when there are more participants, the results of the proficiency testing program are 
more reliable. Furthermore the compatibility and coherence of statistic methods in each step also play an important 
role for proficiency testing, The relevant certification bodies, testing laboratories and inspection agencies of various 
countries as well as interested parties  participating in Task 43 have all devoted great efforts to the unified 
certification of the global solar heating collectors. The consistency of the testing results will ensure the successful 
realization of the objectives of Task 43.  
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